I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Surgical treatment for primary malignant and aggressive benign tumors of the proximal femur involves wide excision of the proximal part. Reconstruction of these surgically created bone defects is challenging because improved survival of patients with musculoskeletal tumors is resulting in greater demands on the limb reconstruct.

Allograft prosthesis composites (APCs) have been used since the late 1980s in managing defects following tumor resections.[@ref1] Because of its known advantages compared with the megaprosthesis,[@ref2] APC has been used widely for the reconstruction of the proximal femur following tumor resection.

Depending on the method of fixation, APC can be divided into three groups; cemented, uncemented (interference fit or press fit), and partially cemented. Partially cemented fixation means cementing the prosthesis into the allograft and pressing the composite into the host bone without cement.

Most of the previous studies have reported the functional evaluation, radiographic outcomes, and complications of cemented and partially cemented APC,[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12] but rarely the uncemented APC has been focused upon. We would like to share our experience with the use of uncemented APC in limb salvage surgery. In this study, we aim to describe the surgical technique for proximal femoral uncemented APC and present the radiographic and clinical results.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

We retrospectively reviewed 12 patients with bone tumors of the proximal femur who underwent reconstruction with uncemented APC between 2007 and 2010. All operations were performed in West China Hospital by the senior surgeon (CT). There were five male and seven female patients, with age ranging from 17 to 56 years (average, 29 years). The diagnosis was chondrosarcoma in two patients, osteosarcoma in two patients, Ewing\'s sarcoma in one patient, malignant fibrous histiocytoma in two patients, osteoblastoma in two patients, and giant cell tumor of bone in three patients \[[Table 1](#T1){ref-type="table"}\]. Among the 12 patients, 2 cases of giant cell tumor of bone and osteoblastoma had surgeries before. The others had no previous treatment.

###### 

Details of surgical technique and results in 12 patients
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Preoperative assessment {#sec2-1}
-----------------------

All patients were required to undergo 100% magnified X-ray, computed tomography scan, magnetic resonance imaging, and emission computed tomography \[Figure [1a](#F1){ref-type="fig"}-[c](#F1){ref-type="fig"}\]. On the basis of these imaging results, we measured the exact boundary of the tumor, the resection length, diameter and the cortex thickness of the narrowest part of the medullary cavity, and the distance between the site of the osteotomy and the narrowest part of the medullary cavity. Next, the matched allograft was selected. Before surgery, biopsy was done. Patients diagnosed as malignant bone tumor were treated with neoadjuvant chemotherapy routinely.

![Radiographs show fixation with reconstruction interlocking nail after curettage and bone grafting of osteoblastoma (Enneking 3) of the left proximal femur. (a) The preoperative anteroposterior radiograph. (b) Immediate postoperative anteroposterior radiograph. (c) 7 month postoperative anteroposterior radiograph the white arrow indicates the recurrence site. (d-f) These radiographs show an uncemented allograft--prosthesis composite after resection of a recurrent osteoblastoma. (d) The immediate postoperative anteroposterior radiograph after APC reconstruction. (e) 3-month postoperative anteroposterior radiograph with the white arrow indicates blurring with bridging trabeculae at the junction. (f) 7 month postoperative anteroposterior radiograph with the black arrow indicates bone union and the white arrow indicates bone resorption in the greater trochanter. (g) 28-month postoperative anteroposterior the black arrow indicates the bone union is strengthened and the white arrow indicates severe bone resorption in the greater trochanter](IJOrtho-48-289-g002){#F1}

The allografts were harvested from cadaver donors and the fresh frozen allografts were cryopreserved in a freezer at −80°C with addition of dimethyl sulfoxide and rifampicin. All the grafts were obtained from the bone bank in Sichuan province, China.

Perioperative management {#sec2-2}
------------------------

The patients were put in lateral position. Lateral approach was used in all cases and the incision from the previous procedure was used if possible and excised the previous scar was excised. All previous biopsy sites including any needle biopsy tracks were removed en bloc. The surgical procedure included two major steps, resection and reconstruction.

During surgery, the abductor muscle was preserved if possible. There were three patients in whom part of the greater trochanter was preserved. Of these two cases were diagnosed as giant cell tumor of bone and one was a case of osteoblastoma. The range of tumor resections conformed to the principles: For aggressive benign tumors, an en bloc excision with at least 2 cm margin was performed; for primary malignant tumors, an en bloc excision with at least 5 cm margin of the bone and 1 cm margin of the surrounding normal soft tissue was performed. The distal femoral cut was horizontal. The resection length, measured from the tip of the greater trochanter, ranged from 8.0 to 17.5 cm (average 12.9 cm). Before osteotomy, 1.0-1.5 cm normal periosteal cuff was left with the normal femur if possible to help bony union. After osteotomy, the medullary tissue of distal femur and the soft tissues from eight random points of the tumor bed were sent for frozen biopsy in order to ensure the clearance of the en bloc resection.

Reconstruction was performed during the same surgery. Allograft was prepared to match the length of the bone defect correctly. Next, the allograft and host femur were reamed to fit the prosthesis and the greater and lesser trochanters were prepared for the soft tissue reconstruction using drill holes in the graft. The allograft was degreased by medical alcohol and pulsatile lavaged by abundant normal saline. Reaming of the medullary cavity is very important; the diameter of the reaming should be a little less than that of the prosthetic stem and the depth of the reaming should be 2 cm shorter than the distance that the stem can reach. After trial fitting, we pressed the prosthetic stem into the allograft and the composite into the host bone. The allograft host bone junctions were covered with granular allogenous spongy bone and covered with the periosteal cuff. Five patients underwent bipolar replacement, whereas the others underwent total hip replacement.

Finally, the attachment of the important muscles was reconstructed. For the three patients who had insertion of the gluteus medius preserved, 2.0-mm nonabsorbable suture was used to suture insertion onto the allograft greater trochanter. For others, the gluteus medius and gluteus minimus were sutured to the greater trochanter of the allograft directly by 2.0-mm nonabsorbable suture and the gluteus medius, the vastus lateralis, and the fascia lata were sutured together. The iliopsoas muscle was sutured back to lesser trochanter.

Postoperative management {#sec2-3}
------------------------

After surgery, prophylactic iv antibiotics were used for 1-2 days. The rehabilitation program was designed on the basis of the surgeon\'s assessment during operation. Generally, the lower extremity was fixed in the abduction neutral position by a brace and the quadriceps femoris was exercised for 4 weeks in bed after surgery. During the process, deep vein thrombosis (DVT) prophylaxis was used until partial weight bearing. Partial and full weight bearing were permitted 4 and 12 weeks after surgery, respectively.

Followup {#sec2-4}
--------

All patients were followed up clinically every month during the first 6 months, every 3 months during the first 2 years, and then once in 1 year. We performed radiographic assessment at 1 month, 3 months, 6 months, 9 months, and 12 months after surgery and then annually. Radiographs were assessed for evidence of union at the junction of allograft and the host bone and for trochanteric resorption \[Figure [1d](#F1){ref-type="fig"}-[f](#F1){ref-type="fig"}\]. We defined union at the allograft and host bone junction by radiographic evidence of blurring, with bridging trabeculae at the junction with no radiolucent lines around the junction.[@ref15] Nonunion was not diagnosed until at least 1 year without further progress.[@ref16] The general followup ranged from 16 to 35 months, with an average followup of 24.0 months. The Musculoskeletal Tumor Society (MSTS) scoring system[@ref13] and Harris Hip Score[@ref14] (HHS; for which a score of \<70 is poor, 70-79 is fair, 80-89 is good, and 90-100 is excellent) were used to assess functional outcome. Manual testing (grade 0-5) was used to evaluate abductor muscle force.

In all cases, the abductors were reattached to the allograft, so we also measured the abductor muscle force. We measured the abductor muscle force by physical examination, and we tested the muscle force by Manual Muscle-Testing. This is the most popular strength test. The physical therapist will push on your body in specific directions while you resist the pressure. A score or grade is then assigned, depending on how much you were able to resist the pressure. Strength is measured on a five-point scale: 0/5. A 0/5 score means that you are unable to create any visible or noticeable contraction in a specific muscle. This occurs when a muscle is paralyzed, such as after a stroke, spinal cord injury or cervical or lumbar radiculopathy. Sometimes pain can prevent a muscle from contracting at all. 1/5. A grade of 1/5 occurs when muscle contraction is noted but no movement occurs. The muscle is not strong enough to lift the particular body part against gravity or move it when in a gravity reduced position. 2/5. This muscle-strength grade is assigned when your muscle can contract but cannot move the body part fully against gravity. When gravity is reduced or eliminated during a change in body position, the muscle is able to move the body part through its full range of motion. 3/5. A 3/5 grade means that you are able to fully contract your muscle and move your body part through its full range of motion against the force of gravity. But when resistance is applied, the muscle is unable to maintain the contraction. 4/5. A 4/5 grade indicates that the muscle yields to maximum resistance. The muscle is able to contract and provide some resistance, but when your physical therapist presses on the body part, the muscle is unable to maintain the contraction. 5/5. This means the muscle is functioning normally and is able to maintain its position even when maximum resistance is applied. so we admitted that will be some subjective, but in our opinion.

Statistical analysis {#sec2-5}
--------------------

Wilcoxon signed-rank test was employed for two related nonparametric data. Mann--Whitney test was employed for two independent nonparametric data. A *P* value of 0.05 or less was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

In our series, union occurred in all patients (100%; range 5-9 months). There was no periprosthetic bone resorption at the junction of the allograft and the host bone, but mild resorption could be seen in the greater trochanter in five patients \[[Table 2](#T2){ref-type="table"}, Figure [1f](#F1){ref-type="fig"}, [g](#F1){ref-type="fig"}\].

###### 

Details of the surgical technique and results in the 12 patients

![](IJOrtho-48-289-g003)

Functional results were evaluated in 12 patients with a followup of at least 16 months. The MSTS system was used for evaluation. The average preoperative score was 11.5 points (range 7-15 points) and the average postoperative score was 26.2 points (range 24-29 points) \[[Table 2](#T2){ref-type="table"}\]. Wilcoxon signed-rank test showed a significant difference between the preoperative MSTS score and the postoperative score (*P* = 0.002). Mann--Whitney test showed that there was no significant difference in MSTS score at the last followup between patients with benign tumor and those with a malignant lesion (*P* = 0.268) and there was no significant difference in the MSTS score at the last followup between patients with total hip and those with bipolar prosthesis (*P* = 0.432).

We compared preoperative Harris hip score (HHS) score with the score at the last followup examination. The average preoperative score was 48.0 points (range 40.3-58.5 points) and the average postoperative score was 80.6 points (range 66.2-92.7 points). Wilcoxon signed-rank test showed that there was a significant difference between the preoperative HHS score and the postoperative score (*P* = 0.002). Mann--Whitney test showed that there was a significant difference in HHS score at the last followup between patients with benign and those with malignant tumor (*P* = 0.010) and there was no significant difference in HHS score at the last followup between patients with total hip and those with bipolar prosthesis (*P* = 0.149).

The average postoperative manual muscle grade was 4.3 (range 3-5) without nerve palsy. Mann--Whitney test showed that there was no significant difference in abductor muscle force at the last followup between the three patients with insertion of the gluteus medius preserved and the others (*P* = 0.064). No recurrence, metastasis, or deaths were reported until the most recent followup \[[Table 2](#T2){ref-type="table"}\].

During surgery, there was no neurovascular injury, fat embolism, coagulopathy, or pulmonary edema. But there were three periprosthetic fractures which were fixed by cerclage wire \[[Table 2](#T2){ref-type="table"}, [Figure 2](#F2){ref-type="fig"}\]. Among the three cases, it happened in host bone in one case and in allograft in two cases. They all occurred in the early stage of the surgeon\'s experience. The fracture line were all longitudinal, the cerclage wire was just locally used to avoid destroying the periosteum, so its effect on the bone junction was small, and the fracture sometimes happened in the allograft which itself was dead, therefore the fracture made little influence. So during followup, we did not find any different outcome for these three cases. Until the most recent followup points, there were no complications such as infection, nonunion, resorption, wear of acetabulum socket, dislocation, and chronic allergic reaction.

![The immediate postoperative anteroposterior radiograph white arrow indicates intraoperative fracture which was fixed by cerclage wire](IJOrtho-48-289-g004){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The most common methods for reconstruction of proximal femur include APC and proximal femoral replacement prosthesis (megaprosthesis).[@ref9][@ref10][@ref11][@ref17] Although as compared to APC, the biggest advantage of megaprosthesis is no allograft-related complications but there are many hardware complications, such as loosening, fracture, and revision difficulty. Therefore, to the patient with a long expected survival time, megaprosthesis may be not the first choice. APC has its own merits such as the effective reattachment of the tendons of the hip abductors to prevent dislocation, allowing better function, restoration of bone stock, load sharing after union, and the ability to precisely adjust graft length. But the limitations are also obvious, which include infection, fracture, nonunion, resorption, difficulty in revision, etc.[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]

Nowadays, cemented and partially cemented APC is widely accepted.[@ref8][@ref10][@ref12][@ref18][@ref19] But the risks of cement-related adverse effects such as cardiovascular toxicity are inevitable. During surgery there will be a risk that cement is left between the allograft and host bone to block bone union. Cemented APC would be more difficult and destructive if removal of the implant is necessary. And previous studies showed that the incidence of nonunion ranged from 3.5 to 23%.[@ref18][@ref20][@ref21]

Uncemented APC is highlighted by its fixation pattern which is using interference fit (press fit). Its main advantage is bone ingrown and revascularization after weight bearing.[@ref19] Previous studies about cemented or partially cemented APC showed that the incidence of nonunion ranged from 3.7 to 25.0%, but seldom described the time for junctional union after operation.[@ref1][@ref2][@ref9][@ref10][@ref15][@ref22] In our series union was observed in all patients, the time of union ranged from 5 to 9 months. Resorption was not observed until the most recent followup point.

Stable fixation of the noncemented APC is more challenging. Obviously, it is easy to fix the prosthesis into the allograft tightly. We should achieve at least 4-6 cm distal fixation to the host bone, and the size and length of the stem will depend on the size of the medullary cavity of the host bone and the level of resection. Therefore, before surgery, the diameter of the narrowest part of medullary cavity and the length of resection should be measured. During surgery, firstly, reaming should abide by the preoperative plan. Secondly, in order to gain a perfect distal fit, the diameter of reaming can be a little smaller than that of the prosthetic stem Thirdly, the host bone should be reamed 2 cm shorter than the length of the distal prosthetic stem, so that the distal part of the stem can be pressed directly into the host bone to increase stability. Fourthly, template trials should be done in time. When the reaming is a little loose, we can bend the distal part of prosthetic stem (about 1°-3°) before insertion to gain stable fixation. Meanwhile, we should avoid tight reaming to avoid periprosthetic fracture. In our series, there were three cases with periprosthetic fracture, but after our proper management there was no significant difference between them and the others.

Bone resorption in the greater trochanter and periprosthetic fracture are the main complications in this surgery. Bone resorption in the greater trochanter could be caused by the modes of reconstruction of the abductor mechanism. Probably just suturing the abductor mechanism back is not enough. Also, the stress is just on the tip of the greater trochanter. This should be improved to decentralize the stress. Perioperative fracture could be seen in both allograft and host bone. This could be due to many reasons such as lack of experience of the surgeon in the early stage, fragile allograft after proper management, and so on.

Up to now, the indications for uncemented APC are not absolutely established. Gross and Hutchison[@ref23] support proximal femoral allograft for the reconstruction of circumferential defects of more than 3 cm in length from the calcar, some combined defects, and in some cases of femoral discontinuity. Donati[@ref7] believed the APC can be used in younger patients with a longer life expectancy, when substantial portions of the periacetabular muscles and tendons can be spared and it is not planned to use radiation therapy that can interfere with bone healing. In our opinion, besides the indications of limb salvage surgery, the specific indications for APC reconstruction of proximal femur are: (1) all the patients should have long expected nondisease survival time; (2) the site of osteotomy should be at least lower than the lesser trochanter; (3) the important surrounding soft tissue and muscles could be reconstructed; and (4) the complications of allograft can be accepted by the patient and his/her family. In our series, there were five patients with greater trochanter resorption (Gruen zone 1). A previous study of over 10 years followup of normal total hip arthroplasty has shown that the resorption of the proximal femur was always observed in the Gruen zones 1 and 7.[@ref24][@ref25] Lee *et al*.[@ref19] reported on seven hips (46.6%) in which there was resorption, and resorption was most common in Gruen zone 7 (5 hips) and zone 1 (1 hip), and one hip had resorption in both zones. But the reason for this is still not clear. In our opinion, the high rate of greater trochanter resorption was caused by stress concentration by the reconstruction of the abductor mechanism. Therefore, we advise to increase the contact area of the muscle and the great trochanter in order to decentralize the local stress.

From the functional result, there was a significant difference between the preoperative and postoperative scores, both in MSTS system and HHS system. But when comparing the scores at the last followup between patients with benign tumor and those with malignant tumor, these two systems showed different results. The reasons could be: The relatively small sample and certain criteria (such as pain, emotional acceptance) in these two systems were highly subjective. Because there was no significant difference in the scores at the last followup between patients with acetabulum socket and those with bipolar prosthesis in both scoring systems, we suppose that acetabulum reconstruction has little effect on the functional result if the bone quality of acetabulum is good enough. Although there was no significant difference in the abductor muscle force at the last followup between the three patients with insertion of the gluteus medius preserved and the others, the *P* value (*P* = 0.064) was much more closer to 0.05. Therefore, we can also conclude that if possible, we should preserve insertion of the gluteus medius and even part of the greater trochanter for abductor reconstruction.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Although APC provides a means of improving functional outcome after reconstruction of the proximal femur, there are still many improvements that need to be accomplished to have perfect outcomes and avoid the incidence of complications. Uncemented fixation is such an improvement. The midterm clinical results show that this reliable and satisfactory technique can promote union through compression at the host--allograft junction with weight-bearing, but to the patients and the surgeons, not only the function reconstruction but also the longevity of reconstruction is significant; therefore, long term and larger sample outcome is expected.
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